The history of hypoxia prevention is closely inter-related with high altitude mountain and aviation physiology. One pioneering attempt to overcome low inspired oxygen partial pressures in aviation was the BLB mask-named after the three designers -Walter M Boothby, W Randolph Lovelace II and Arthur H Bulbulian. This mask and its variations originated just prior to World War 2 when aircraft were able to fly higher than 10,000 feet and pilot hypoxia affecting performance was an increasing problem. We give a brief description of the mask and its designers and discuss the donation of a model used by the British War Office in October 1940 and donated to the Harry
Introduction
The history of hypoxia is closely interrelated with high altitude mountain and aviation physiology and low inspired oxygen partial pressures. In 1875, Tissandier and two others rose to 21,000 ft in a balloon. They had three bags of oxygen but lack of judgement led to unconsciousness and two died. In 1878, physiologist Paul Bert studied hypoxia using hypobaric chambers and early field studies occurred from 1890-1920 e.g. Pike's Peak expedition. These and many other fascinating events and developments in the history of hypoxia investigation and prevention are featured in John West's definitive work, A High Life-A History of High Altitude Physiology and Medicine 1 .
Hypoxia, aviation and oxygen delivery
In the 1930s, there was recognition that hypoxia was an increasingly significant factor in pilot error 2 and increasing numbers of plane crashes worldwide. There have been many different types of masks and other apparatus used to deliver oxygen since Beddoes and Watt first described their system in 1796 3 .
Prior to the Boothby-Lovelace-Bulbulian (BLB) mask there were problems with aviation oxygen delivery systems which used tubes placed in the mouth or ill-fitting masks and the accumulation of ice in the mask with freezing of water vapour at altitude 4 .
Dr Charles W. Mayo in Minnesota discussed this with friends at Northwest Airlines and enlisted his young colleague Dr W. Randolph Lovelace II to engage in oxygen research at the Mayo Clinic 5,6 .
Lovelace along with Walter M. Boothby had published a paper on oxygen in aviation and the necessity of it use for both pilots and passengers 7 . The pivotal papers describing the BLB mask were published in the Proceedings of the Staff Meeting of the Mayo Clinic in 1938 [8] [9] [10] .
The designers of the BLB mask
Walter M. Boothby (28 July 1880 -3 July 1953 Boothby was born in Boston and initially trained as a surgeon but later evolved to anaesthesia and basic research. He is known for the Boothby-Cotton nitrous oxide apparatus designed in 1912 11, 12 Lovelace published work in 1946 describing "the time of useful consciousness" when there is sudden depressurisation of an aircraft at high altitude and this was about two minutes at an altitude of 30,000 ft 1, 15 .
In 1946 polio swept Rochester and both his sons diedthree daughters survived. Lovelace Arthur H. Bulbulian (20 Dec 1900 -23 June 1996 Bulbulian was of Armenian descent and migrated to the US in 1920. He was a dentist and instructor in orthodontics and was a pioneer in facial prosthetics and later published a definitive textbook on the topic 16 . He was also involved with the design and creation of the A-14 for high altitude pilots of the in 1941. He was the first Director of the Mayo medical museum.
The BLB mask

Patents
Boothby, Bulbulian and Lovelace filed six different patents over nine years with the US Patents Office (see Table 1 ). These showed variations in design and patents were usually granted for 14 years (e.g. see Figures 1 and 2) .
Some advantages of the BLB mask were that 17 : • variable concentrations of oxygen could be dialled up, • the apparatus was comfortable and could be worn for long periods of time, • the mouth was free for talking, eating and drinking, • it was mechanically simple and easy to operate.
Testing
Testing of the BLB occurred at three different levels. Firstly in the laboratory at the Mayo Clinic Aero-medical Unit. Secondly, high altitude experiments were performed in a low pressure chamber at the military AeroMedical Unit at Wright Field, Ohio 7 . Finally it was tried in flight several times-most notably on a Northwest Airlines flight on 10 March 1939 from Minneapolis to Boston in a Lockheed 14H twin motor which took 4.5 hours. The plane flew at 270 miles per hour at an average altitude of 23,000 feet. On board were Boothby, Lovelace, Bulbulian and others who all wore the BLB mask supplied with oxygen from a large tank. They were attending a conference on the physiologic problems of aviation at the Harvard Fatigue Laboratory and landed safely minutes before a raging blizzard 6 .
This donated British example of the BLB mask apparatus is in a sturdy wooden box marked the 'Apparatus Oxygen B.L.B. Pattern A'. Inside the lid it also states 'The War Office' and 'October 1940'. This version may have been made available for use by the pilots in the Battle of Britain which went from July-October 1940 and then subsequently in the Royal Air Force (see Figures 3 and 4) . British researchers Card, Forest Smith and others studied the BLB mask on human subjects at St Thomas' and Botleys Park Hospitals and published their results and directions for using the BLB mask in the Lancet in 1940 17 . They had previously visited Boothby at the Mayo Clinic. The BLB mask was also used clinically during and after the war to treat hypoxaemia.
A Street
This apparatus was donated from the estate of Dr Frederick Neil Street (1916-2001) who was a pioneering paediatric surgeon at the Royal Alexandra Hospital for Children in Sydney with a special interest in paediatric neurosurgery. He served as a Regimental Medical Officer in WW2 in the Australian Army Medical Corp 2/3 rd Independent Co (Commandos) in New Guinea and the Middle East. He was awarded the Military Cross in 1943 for treating and rescuing wounded comrades while under fire. After the war Street did all his surgical training in Great Britain, particularly at Great Ormond Street Hospital for Sick Children (see Figure 5 ). It is not known how he came to possess this version of the BLB oxygen mask apparatus. 
